Part I: Electricity

Chapter 23

Electric Fields

Dr. Saif M. H. Qaid

PHYS 111 - KSU

Dr. Saif Qaid




LECTURE OUTLINE

23.1 Properties of Electric Charges

23.3 Coulomb’s Law

23.4 Analysis Model: Particle in a Field (Electric)
23.6 Electric Field Lines




Electric Field — Introduction

e The electric force is a field force

* Field forces can act through space

— The effect is produced even with no physical
contact between objects

* Faraday developed the concept of a field in

terms of electric fields
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Electric Field — Definition

* An electric field is said to exist in the region of
space around a charged object

— This charged object is the source charge
* When another charged object, the test

charge, enters this electric field, an electric
force acts on it




Electric Field — Definition, cont

* The electric field is defined as the electric
force on the test charge per unit charge

* The electric field vector, E, at a point in space
is defined as the electric force Facting on a
positive test charge, g, placed at that point
divided by the test charge:
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Electric Field, Notes

* EIs the field produced by some charge or charge
distribution, separate from the test charge

* The existence of an electric field is a property of the
source charge

— The presence of the test charge is not necessary for the field to
exist

* The test charge serves as a detector of the field




Electric Field, Notes

* The direction of E is that of

the force on a positive test
charge

The Sl units of E are N/C

We can also say that an
electric field exists at a point
if a test charge at that point
experiences an electric force
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Relationship Between F and E

"F =qE

— This is valid for a point charge only

— One of zero size

— For larger objects, the field may vary over the size of the object
e |If gis positive, the force and the field are in the same

direction

* If gis negative, the force and the field are in opposite
directions




Electric Field, Vector Form

e Remember Coulomb’s law, between the
source and test charges, can be expressed as

F =k, oy
I

* Then, the electric field will be
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More About Electric Field Direction
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If ¢ is positive,
the force on
the test charge
g is directed
away from 4.

For a positve
source charge,
the electric
field at P points
radially outward
from g.
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If ¢ is negative,
the force on
the test charge

gp 1s directed
toward 4.

For a negative
source charge,
the electric
field at P points
radially inward
toward g.
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23.6 Electric Field Lines

* Field lines give us a means of representing the electric

field pictorially
* The electric field vector E is tangent to the electric field

line at each point
— The line has a direction that is the same as that of the electric

field vector
* The number of lines per unit area through a surface
perpendicular to the lines is proportional to the
magnitude of the electric field in that region




Electric Field Lines, General

 The density of lines through
surface A is greater than
through surface B

 The magnitude of the electric

field is greater on surface A ;,
than B | l'h\ﬁ
|
|
|
|

e The lines at different locations
point in different directions

— This indicates the field is T | \
nonuniform i B




Electric Field Lines, Positive Point Charge

e The field lines radiate
outward in all directions

” p . — In three dimensions, the
distribution is spherical

 Thelines are directed

' away from the source

W charge

©2004 Thomson - Brooks/Cole

— A positive test charge
would be repelled away
from the positive source
charge

Lines of Force
Point Charge
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Electric Field Lines, Negative Point Charge

* The field lines radiate
inward in all directions

. * The lines are directed
toward the source
charge

— A positive test charge
(b) would be attracted
toward the negative
source charge
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Electric Field Lines

For a positive point charge,
the field lines are directed
radially outward.

7

16 PHYS 111 -

For a negative point charge,
the field lines are directed
radially inward.
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Electric Field Lines — Dipole

The number of field lines leaving
the positive charge equals the
number terminating at the
negative charge.

 The charges are

equal and
opposite

The number of
field lines
leaving the
positive charge
equals the
number of lines
terminating on
the negative
charge
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Electric Field Lines — Like Charges
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The charges are equal
and positive

The same number of
lines leave each
charge since they are
equal in magnitude

At a great distance,
the field is
approximately equal
to that of a single
charge of 2g
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Electric Field Lines, Unequal
Charges

Two field lines leave +24 for every

* The positive charge is twice the one that terminates on —g.

magnitude of the negative charge

 Two lines leave the positive
charge for each line that
terminates on the negative charge

* At agreat distance, the field
would be approximately the same
as that due to a single charge of +2¢ -+ — . —q
tq
* Use the active figure to vary the
charges and positions and
observe the resulting electric field
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Electric Field Lines — Rules for
Drawing

The rules for drawing electric field lines are as follows:
* The lines must begin on a positive charge and terminate on a
negative charge

— In the case of an excess of one type of charge, some lines will begin
or end infinitely far away
* The number of lines drawn leaving a positive charge or

approaching a negative charge is proportional to the
magnitude of the charge

e No two field lines can cross

* Remember field lines are not material objects, they are a

pictorial representation used to qualitatively describe the
electric field




Electric field, Example

q
ek Tow point charges lie along the xaxis as shown in

Figure. Find the electric filed at points a, b, c.

C, b’akﬁﬂ\mqw"' "uls'éjjd\'éjfﬂ\ L 1-1 d\_m]\(_g
Al Lladl) die aalas) g @)@Sﬂ\ Jaadl Yl

r/2 3r/4 r/4 r

21 PHYS 111 - KSU Dr. Saif Qaid




Superposition with Electric Fields

* At any point P, the total electric field due to a
group of source charges equals the vector sum
of the electric fields of all the charges

E =k, Y%




Superposition of Fields
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Superposition Example

* Find the electric field due
to g, E,
* Find the electric field due
to q,, E,
. E—E, +E,
— Remember, the fields add
as vectors

— The direction of the
individual fields is the
direction of the force on a
positive test charge




Superposition Example

* Find the electric field due
to g,, E, L
- Find the electric field due T
to @, E, /
e E= E1 + E2 P*}/‘ﬁ____
— Remember, the fields |
add as vectors 040m|  N\050m

— The direction of the
Individual fields is the

direction of the force & G0
on a positive test
charge




Superposition Example

Charges g, and g, are located on the xaxis, at distances

Y E, a and b, respectively, from the origin as shown in Figure
\ . (A) Find the components of the net electric field at the
oA point 2, which is at position (0, J).
PF_“-_.,'___ (B) Evaluate the electric field at point P in the special
o/ casethat | g, |= |qg,| and a=5b.
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Summary 4aedall

E — H The electric field E at some point in space is defined as the
electric force F_ that acts on a small positive test charge placed
qO at that point divided by the magnitude g, of the test charge:
oS Jladll e

> If gis positive, the force and the field are in the same direction

» If gis negative, the force and the field are in opposite directions




Thank You
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